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INTRODUCTION 
Eddy current probes fabricated with cores made of ferrite-loaded silicone 
rubber RTV are flexible; they can be used to scan components with contours of 
varying radii. A typical application would be the inspection of rocket nozzles; the 
radius of curvature changes between the throat and the base, with additional curvature 
in the axial direction. RTV cores of any size and configuration can be fabricated, thus 
eliminating reliance on commercially available cores, designed for other purposes. 
Historically eddy current methods have been used to detect surface, or near 
surface, anomalies. When applied to carbon fiber reinforced composite materials, eddy 
current methods can be used to detect and measure a wide variety of anomalies, 
including the broken fibers associated with impact damage [1], misaligned fibers [2], 
and incomplete densification in carbon!carbon materials. Because many composite 
materials have high resistivities, inspection is not limited to the surface. 
The depth to which a material can be inspected effectively depends on the 
dimensions of the anomaly to be detected. The diameter of the probe must be at least 
twice the depth to which the material is to be inspected, and ideally should be 4.5 
times this depth [3]. Sensitivity to small anomalies is inversely proportional to the 
size of the probe. Since significant anomalous regions in low conductivity composites 
tend to be much larger than the small pits and cracks of interest in the inspection of 
metals, this larger size generally is not a drawback with respect to defect sensitivity. 
Size is a factor when the composite material to be inspected has a curved 
surface. Eddy current probes should conform to the surface of the test material. 
When the thickness of the material to be inspected is large relative to the radius of 
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curvature of the test material, the large probe that is required, if flat, will not conform 
to the surface. Commercially available axisymmetric cores can be ground to fit an ID 
surface; grinding to fit an OD surface is next to impossible. Elongated probes, 
fabricated by gluing together C-shaped or E-shaped cores, can be more easily made to 
conform to both OD and ID surface [4]. When the radius of curvature varies over the 
surface to be scanned, a rigid probe cannot be used. 
An important characteristic of braided carbon/carbon tubes is the exact 
alignment of carbon fiber tows. Eddy current methods could be useful if resistivity is 
measured as an elongated probe is rotated from the 0° direction (long axis of probe 
parallel to tube axis) to the 90° direction (long axis of probe parallel to circumferential 
direction). Resistivity values would be expected to correlate with fiber alignment 
between the 0° and 90° directions. The requirement that all parts of the active surface 
of the probe be equidistant from the surface of the test material, prevents the use of a 
single rigid elongated probe; when rotated from the 0 to the 90° position increasingly 
more of the probe surface would not be in contact with the tube. A set of probes 
would be required, each probe conforming to the surface at the particular orientation. 
Adjustable radius probes [5] have potential application to the inspection of 
components varying in both thickness and resistivity (aircraft wing skins, for 
example). This type of probe would allow both the separation of these effects and the 
inspection of a range of thicknesses using the optimum probe size without the need to 
physically change probes. Adjustable radius probes are made up of concentric ferrite 
rims and are difficult to fabricate using commercially available ferrite cores. 
Cores of any size or configuration can be made by pressing the loaded RTV 
into a mold and allowing it to cure. Alternatively, large sheets can be cured; the 
appropriate shapes cut out, and the pieces glued together with RTV to form a final 
product of any shape. The flexibility of the probes permits the inspection of concave 
surfaces and the scanning of surfaces of varying curvature. 
The lower permeability of ferrite-loaded RTV eddy current probes would be 
expected to be less efficient (lower coupling coefficient)[6], and to provide less 
shielding than solid ferrite core probes of the same design. The effect of percent ferrite 
loading on coupling coefficient was determined. The differences in shielding provided 
by air core, solid ferrite cup core, and flexible cup core probes were compared in 
terms of the distance between the edge of the probe and the edge of the material at 
which there was a response to the edge. When axisymmetric ferrite cup core probes 
were used to measure resistivity, lift-off, or the separation between the probe and the 
material, was found not to affect the measurements [7,8]. The performance of the 
flexible probes was checked to determine whether they also exhibited this 
independence between lift-off angle and lift-off distance. 
Flexing a probe would be expected to affect the self inductance between the 
turns of wire in the coil as their relative positions change as the probe is flexed. The 
extent of this effect was measured. If this change in inductance with flexing remains 
constant with repeated flexing, the effect can be compensated by normalizing the data 
with respect to data collected without the material present. Repeatability was also 
measured. 
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PROCEDURE 
The silicon rubber compound was General Electric RTV700 with 10% Beta1 
silicone curing agent. Two types of fired 13 micron ferrite powders, type 33 and type 
28, were recommended by and provided by D.M. Steward Manufacturing Co. In 
initial tests, no differences could be discerned and they were used interchangeably. 
The probes in this investigation were elongated cup core probes and an 
axisymmetric cup core. Each of the elongated probes was 2.5" (6.33 cm) long by 
0.75" (1.86 cm) wide. The rims were 0.1" (2.5 mm) wide and the center post was 
1.6" (3.06 cm) by 0.2" (.5 cm). The axisymmetric probe had an outside diameter of 
0.75" (1.9 cm) and a center post of 0.32" (0.84 cm). 
During the repeatability tests it became apparent that modifications in the 
design were necessary. The long rims of the core bulged out when the probe was 
bent. This caused both an increase in the effective radius of the probe and an 
increased separation between the material and sections of the probe. The extent of 
these results depended not only on the extent of twisting but also on how the probe 
was supported. It was also found that the spring constant of RTV in which the coil 
was potted was too low to cause the wire to return to its original· shape. 
Design modifications addressed these problems. To reduce the bulging of the 
rims, their length, and that of the center post, was reduced from 0.2" to 0.075". To 
make the coil conform to the shape of its RTV potting, the size of the wire was 
reduced from ASW #30 to #33. This coil of thinner, more flexible wire, was then 
potted in RTV stiffened by the addition of an equal amount, by weight, of taIc. 
Further, the coil was potted directly in the previously cured core. The greater stiffness 
of the coil potting relative to that of the coil itself and the adhesion between the coil 
potting and the core reduced relative motion between the parts of the probe. 
Additionally, in the original design, the lead wires from the coil passed through 
a hole in the core at its end. In the final version of the new design, two pins of a 
dual, in-line packaging connector were stuck through the back of the core, midway 
between the ends of the core and straddling the center post. This arrangement reduced 
the effects of bending on the connections between the coil wire and the external cable. 
The test materials were a titanium panel and a 2" OD titanium cylinder. Data 
were collected at 7 frequencies from 12.5 kHz to 400 kHz. Measurements were made 
with a Hewlett Packard 4192A low frequency impedance analyzer. 
To measure the effects of the amount of ferrite on the coupling coefficient, two 
elongated cores, having 49% and 88% ferrite by weight were fabricated. A 10-turn 
coil to fit the cup was wound and set in unloaded RTV. The coupling coefficient was 
measured with the coil in each of the flexible cores and in a solid ferrite core of the 
same dimensions. 
As mentioned above, shielding was estimated in terms of the edge effect. The 
greater the shielding provided by the core, the more focused the field and the less the 
field is disturbed by the edge of the material. The change in probe impedance, 
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normalized with respect to the impedance of the probe far from the edge of the 
material, was measured as a function of the distance between the edge of the material 
and the edge of the probe normalized by the radius of the axisymmetric probe. Data 
were collected with an air core probe, and with axisymmetric solid ferrite cup core and 
flexible cup core probes. 
To determine if lift-off affected the lift-off angIe an elongated probe containing 
88% ferrite by weight was used. Normalized impedance curves were generated with 
the probe in contact with the material and at 3 lift-off positions. 
The effects of flexing were determined under worse-case conditions. The 2" 
long probe was tested in conjunction with 2" diameter cylinders. A cycle consisted of 
a rotation of the probe from an initial 0° position with the long axis of the probe 
aligned along the long axis of the cylinder to a 90° position where the probe was 
wrapped around the cylinder, covering over a third of its circumference. The real and 
imaginary components of the impedance were measured every 10° from 0° to 90°. 
Data were collected alternately on a plexiglass cylinder and a titanium cylinder. 
RESULTS AND DISCUSSION 
In Figure 1, where coupling coefficient is plotted against percent ferrite, it can 
be seen that increasing the amount of ferrite increased efficiency. When the core 
contained the maximum amount of ferrite that can be loaded in the RTV (88%), the 
coupling coefficient was 0.68, compared with 0.84 for the solid ferrite and 0.58 for the 
air core probe. So while there is some improvement in efficiency over the air core 
probe, the efficiency of the flexible ferrite-loaded cup core probe falls far short of the 
efficiency of the solid ferrite core probe. 
The edge effect, a measure of the extent to which the core focuses the field is 
illustrated in Fig. 2. The solid ferrite provides so much shielding that the edge is not 
detected until the edge of the probe is beyond the edge of the test material. The field 
of the air core probe extends a distance beyond the edge of the probe equal to about 
one radius. The shielding provided by the 88% ferrite probe, while not as good as the 
solid ferrite, is far superior to the air core; the edge of the material begins to affect the 
probe response when the edge of the probe is at a distance equal to about a quarter of 
a radius from the edge of the material. 
The normalized impedance data, shown in Fig. 3 for seven frequencies and 
four lift-off distances (including no lift-off separation between the probe and the 
materia!), illustrate that the lift-off angle was not affected by lift-off distance and, by 
implication, by the coupling coefficient of the probe [7]. 
The effect of flexing the elongated probe from the 0° (aligned along the axis of 
the cylinder) to the 90° position (wrapped around the cylinder) on probe reactance is 
illustrated in Fig. 4. The percent change in normalized reactance both in air and on 
titanium is plotted against angle. This quantity varies between plus and minus 2.3% 
for both the air and titanium values. Differences between the air and titanium data as 
functions of angle are attributed to experimental error as it would be expected that the 
presence of the material would not affect the physical relationship among the turns of 
wire in the coil. The fact that there is a change in impedance with angle means that 
the effects of flexing must be compensated by normalizing the data against air data 
collected with the probe on a surface having the same shape as the test material. The 
real component varied less than 1 % and the variation was random. 
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Figure 1. Coupling Coefficient Versus % Ferrite. 
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Figure 2. Impedance normalized against the value far away from specimen edges 
versus distance between the edge of the probe and the edge of the material divided by 
the probe radius. Q 88% ferrite-loaded ferrite cup core probe; .. air core probe; 0, 
solid ferrite cup core probe. 
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Figure 3. Normalized impedance diagrams at four lift-off distances (including no lift-
off separation between the probe and the material) . 
Figure 4. Per cent change in normalized reactance in air (0) and on titanium (II) 
versus angle. 
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Figure 5. Percent change in reactance at 0° versus number of cycles. 
It can be seen in Figure 5 that there is no systematic change in reactance as a 
function of number of flexing cycles. The observed small variation is less than half a 
percent. It should be noted that 5 probes were tested and in each case the wires broke 
after 99 to 101 cycles. The breakage may be due to work hardening of the copper 
wire. Less severe flexing would probably result in longer life. 
SUMMARY 
The flexibility of eddy current probes having ferrite-loaded RTV cores 
allows them to scan curved surfaces. The data must be normalized against air data 
collected as the probe is scanned over the surface of an identical non-conductive 
surface. These probes can be custom designed to any size and dimensions. They 
should be used with a fixture that provide constant pressure over the surface of the 
probe. 
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